T A B L E O F C O N T E N

B A C K G R O U N D Target condition being diagnosed
Strabismus is a physical condition in which the eyes are not aligned. It is associated with deficient binocularity, the mechanism that integrates visual information from both eyes. Strabismus can be primary, or it can be a consequence of poor vision in one eye or of refractive errors. Less commonly, strabismus can be caused by lesions affecting the oculomotor, trochlear or abducens nerve, or higher neurological pathways. Strabismus is rarely caused by developmental or traumatic defects of the extraocular muscles. Strabismus is a risk factor for the development of amblyopia during the 'sensitive period' of vision development. During this period, neural plasticity is greatest, and it begins to decline around the age of 6 years; clinical interventions are typically offered to children up to the age of 10 years. Screening programmes therefore attempt to identify children with amblyogenic risk factors before the age of 6 years, to allow remedial treatment. Prevalence figures for strabismus vary. The most recent screening study in Baltimore, USA, found a prevalence of manifest strabismus of 3.3% in Caucasian and 2.1% in African American children aged 6 to 71 months (Friedman 2009 ). Other populationbased studies have reported a prevalence of childhood strabismus between 0.01% and 3.1%, indicating that prevalence may vary greatly by ethnicity, age, type of strabismus and definitions used (Graham 1974; Matsuo 2007a; Matsuo 2007b; Preslan 1996; Traboulsi 2008; Turacli 1995; Wedner 2000 ; Appendix 1).
Relevance of strabismus in children
There are many subtypes of strabismus. In the context of childhood vision screening programmes, the most relevant distinction is between manifest and latent strabismus. Manifest strabismus is a risk factor for the development of amblyopia, the commonest vision disorder in children (prevalence 1.6% to 3.6% in Western societies) (Simons 1996a) . Amblyopia is a developmental anomaly of spatial vision, usually associated with strabismus, anisometropia or from deprivation early in life (Ciuffreda 1991) . Amblyopes have reduced visual acuity in one or both eyes, reduced contrast sensitivity and reduced contour integration. Clinical definitions of amblyopia are based on visual acuity only, taking into consideration the age of the child and progressive improvement of 'normal visual acuity' in the early years. Unilateral amblyopia is often defined as an interocular difference in best-corrected visual acuity (of 2 logMAR or Snellen chart lines) (Friedman 2009), or best-corrected visual acuity of 0.30 logMAR or worse in either eye (Rahi 2002; Traboulsi 2008) . In 3-year-old children, bilateral amblyopia is suspected if best-corrected visual acuity is worse than 0.40 logMAR in one eye and worse than 0.3 logMAR in the other eye in the presence of a bilateral amblyogenic risk factor. In 4-year-old children, the thresholds are 0.3 and 0.18 logMAR, respectively (Schmidt 2004) . Strabismus has a profound effect on stereopsis or perception of depth. Stereopsis normally develops within the first 3 to 4 months of age and reaches adult levels by the age of 24 to 36 months (Braddick 1980; Fawcett 2005; Fox 1980; Petrig 1981; Takai 2005) . Two studies reported that stereoacuity continues to develop beyond the age of 3 years, and may not yet be fully mature at 5 years or 12 years of age, respectively (Simons 1981a; Walraven 1993) . Normal adult stereopsis is 50 to 60 seconds of arc; some childhood vision screening programmes have used a threshold of 400 seconds of arc for "suspicion of amblyopia" (Traboulsi 2008) . Reduced stereopsis adversely affects motor skills, particularly fine motor skills (Grant 2007; Hrisos 2006; O'Connor 2010; Webber 2008) . Significant misalignment can affect development (through unilateral reduced acuity, lack of depth perception and limitation of peripheral visual field), social interactions, and emotional well-being. In children with infantile esotropia, surgical correction of strabismus leads to improvement in general development as measured by the Bayley scale (Rogers 1982) . Scores on anxiety and depression scales such as the National Eye Institute Visual Functioning Questionnaire and the Hospital Anxiety and Depression Scale are significantly different from non-strabismic children, and improve following surgical strabismus correction (Bernfeld 1982; Chai 2009 ). Children with strabismus may have significantly greater conduct and externalising problems (Koklanis 2006). Strabismus can also be an indicator of severe eye and health problems. As it can indicate poor vision, it may in rare cases be the first sign of childhood cataract, glaucoma, or tumours of the eye, optic nerve, orbit or brain, such as retinoblastoma, glioma, or rhabdomyosarcoma. Gross misalignment of the eyes is usually noticed by members of the family or carers. Small angles of deviation are not necessarily apparent. In young children, features such as a broad nasal bridge or certain lid positions and shape (epicanthus) can give rise to pseudostrabismus, i.e. a perception of strabismus when in fact the eyes are straight.
Diagnosis of strabismus: the cover test
The cover test is based on the observation of a refixation movement of a deviated eye when the fixing eye is covered (Gamble 1950; McKean 1976; Romano 1971; Scott 1973) . The basic form of the cover test, the cover uncover test, establishes the diagnosis of manifest strabismus. An occluder is introduced in front of one eye, then removed, re-establishing binocular viewing. If an eye moves when the other is covered, this indicates that this eye was not fixing before the cover was introduced. Any eye movement is interpreted as 'test positive' and 'manifest strabismus present'; the magnitude of the movement is often categorised as small, moderate or large. This test is used in some screening programmes to detect strabismus (Fogt 2000) . The accuracy of the cover test in detecting strabismus may be affected by the child's age at screening, with better test performance in children over the age of 3 years (Williams 2001) . Variations of the cover test are used to diagnose latent strabismus, and to measure the magnitude of both manifest and latent strabismus. The presence of latent strabismus is assessed by using the alternate cover test. The occluder is moved from eye to eye, allowing viewing of the target with one eye only, without permitting binocular viewing. The observer notes refixation movements of either eye as the cover is removed. Quantitative measurements are obtained by neutralising the strabismus with prisms held in front of one eye whilst performing the cover uncover test (simultaneous prism cover test) or the alternate cover test (prism alternate cover test); the endpoint of measurements is the prism with which no refixation movement is observed when the cover is removed. To trained professionals (orthoptists) refixation on cover test can indicate strabismus; however, this has not been used in published screening studies. All cover tests are carried out with the participant fixing on a target presented at distances of 6, 4 or 3 metres, and then at near distances (33 cm or 40 cm). In children, the distance target is often presented at 3 metres. In very young children the test is often only carried out at near fixation.
The cover uncover test aims to detect strabismus, but not refractive errors, the other significant group of amblyogenic risk factors. Its accuracy as a standalone amblyopia screening test is therefore limited (Schmidt 2004) . Conversely, addition of the cover uncover test to vision screening tests increases the detection rate of strabismus (VIP 2007) . Vision screening programmes for children between 4 and 6 years traditionally use optotype testing to determine visual acuity (matching or naming letters or pictures), with or without a cover test to detect strabismus. In an effort to screen younger children to identify and treat problems early, these 'manual' screening programmes are increasingly supplemented or even replaced by the use of devices such as photorefractors, which also aim to provide information about refractive amblyogenic risk factors. The American Association of Pediatric Ophthalmology and Strabismus (AAPOS) recently published updated recommendations for automated screening programmes (Donahue 2013). Screening methods were categorised into refractive and non-refractive screening instruments. With regards to detection of strabismus, the AAPOS recommends that non-refractive screening devices should detect manifest strabismus greater than 8 prism dioptres (PD) in primary position (Donahue 2013). UK recommendations suggest that screening at age 4 to 5 years old provides the most accuracy and allows adequate time to treat (Solebo 2015) .
Index test(s)
Different tests are in use to detect strabismus in a community or primary care setting by non-expert screeners or primary care professionals.
• Type 1 tests directly identify ocular misalignment, for example corneal (Hirschberg) or fundus reflections tests (Brückner).
• Type 2 tests assess binocular function such as stereoacuity, e.g. contour and random dot stereotests from which presence of strabismus is deduced.
• Type 3 tests are designed to detect reduced central vision/ visual acuity which may in turn be associated with strabismus, e.g. HOTV, LEA symbols, Keeler (previously Glasgow) crowded logMAR, Sonksen crowded logMAR, crowded Kay picture test, displayed as paper-or computer-based charts or conventional retroilluminated charts.
• Type 4 tests are those automated refraction devices which are also designed to report ocular misalignment.
We planned to include studies that report combinations of several index tests. Other tests for strabismus, such as controlled binocular acuity test, suppression tests, blur test, and tests designed to detect reduced fusional reserve (prism reflex test, prism fusion range) are not used by lay screeners, but only by trained professionals (orthoptists). Orthoptist-delivered screening is not within the remit of this review.
Principles underlying each type of index test
Detailed information about each index test is given in Appendix 2.
Type 1: tests which directly identify ocular misalignment
In manifest strabismus with childhood onset, information from the deviating eye is suppressed, so that a person does not perceive double vision. The principle of the cover test is that when the fixating eye is covered, the deviating eye will move to primary position (looking straight ahead position) to take up fixation, as long as it has some vision and does not have eccentric fixation or severe eye movement deficit. Presence, speed and magnitude of this refixation movement are the outcomes of the cover test.
Type 2: tests of binocular function stereopsis
The visual axes need to be within a certain angle to each other in order to detect information that is presented in stereotests. Strabismus may be associated with reduced stereopsis.
Though not a specific indicator, visual acuity tests may indicate the presence of strabismus-induced amblyopia. (VIP 2007) . Published vision screening studies often lack specific information on strabismus detection, instead reporting overall precision in detecting amblyopia. This review does not propose screening for strabismus that is of no aesthetic concern or visual consequence, but it is important to summarise current evidence on accuracy of tests in detecting strabismus in a screening setting, in order to enable healthcare commissioners to implement the most effective screening programme.
O B J E C T I V E S
To assess and compare the accuracy of tests, alone or in combination, for detection of strabismus in children aged 1 to 6 years, in a community setting by non-expert screeners or primary care professionals to inform healthcare commissioners setting up childhood screening programmes.
Secondary objectives
Other objectives were to investigate sources of heterogeneity of diagnostic accuracy, including:
• type of professionals performing the test;
• study design;
• study size (< 100 vs. ≥ 100 participants, which may reflect the adoption of different sampling strategies);
• variation in the way a test is carried out;
• type of strabismus (convergent vs. divergent, horizontal/ vertical);
• severity of strabismus (amount of misalignment, constant/ intermittent/latent);
M E T H O D S
Criteria for considering studies for this review
Types of studies
We have included all prospective or retrospective population-based test accuracy studies of consecutive participants. By 'populationbased' we mean not only screening studies, implying sampling based on census, but also studies recruiting from community services such as schools or paediatric health districts. Hospital cohorts were excluded, unless the sampling from a community service was clearly described. We have included studies that compare a single index test, or a combination of index tests, with a reference standard (cover test, performed as a standalone test or as part of a comprehensive eye examination). Case-control studies, in which children are selected based on their disease status, have been excluded unless they are nested in large prospective consecutive studies. Studies had to provide sufficient data to calculate diagnostic accuracy (sensitivity, specificity). We planned to include studies in which only a subgroup of participants had undergone the reference test; the result from these to be considered by subgroup analysis.
Participants
We included children aged 1 to 6 years old. Strabismus is a risk factor for the development of amblyopia during the 'sensitive period' of vision development. During this period, neural plasticity is greatest, and it begins to decline around the age of 6 years; clinical interventions are typically offered to children up to the age of 10 years. Screening programmes therefore attempt to identify children with amblyogenic risk factors before the age of 6 years, to allow remedial treatment. We set the lower limit of the age range at 1 year to avoid overlap with early postnatal eye screening programmes. In countries where children start school in the academic year of their fifth birthday, screening programmes aim to capture children aged 4 to 5 years, i.e. during their first year at school. In other countries, the year of school entry can be earlier or later, and vision screening programmes may be carried out in the first year of school, or independent from schools. An age range of 1 to 6 years allows inclusion of all population-based studies in children at risk of developing amblyopia from strabismus. When studies included children outside the range of 1 to 6 years, we tried to obtain subgroup data. If we did not obtain subgroup data we excluded these studies. We intended to include these studies if the proportion of children beyond age 6 is less than an agreed threshold, e.g. 20%, and we would have conducted sensitivity or subgroup analyses as appropriate.
We considered children attending population-based vision screening programmes. We included opportunistic screening programmes, such as including children attending schools. We excluded orthoptist-delivered programmes, as these include the reference standard.
Index tests
We included any test used by lay screeners to detect strabismus, either directly by identifying misalignment, or indirectly by identifying a consequence of strabismus such as loss of stereovision. The participant age range means that different tests may be used, as appropriate for the age of participants in each particular study. We described the index test by test type rather than enumerated.
• Type 1: tests which directly identify ocular misalignment:
• corneal reflections tests (Hirschberg);
• fundus reflections test (Brückner).
• Type 2: tests of binocular function: stereoacuity:
• e.g. contour and random dot stereotests.
• Type 3: tests designed to detect reduced central vision/ visual acuity:
• e.g. HOTV, LEA symbols, Keeler (previously Glasgow) crowded logMAR, Sonksen crowded logMAR, crowded Kay picture test, displayed as paper-or computer-based charts or conventional retroilluminated charts.
• Type 4: automated refraction devices designed to report ocular misalignment.
If the search had revealed several high-quality studies for each test type for inclusion in this review, we would have considered splitting the review by test type group. Finally, we did not consider tests that require specialist skills, such as the 4-dioptre prism test, since we are concerned with population screening which is typically carried out by non-expert professionals, not by orthoptists, optometrists or ophthalmologists, who would directly use our reference standard, the cover uncover test.
Target conditions
The target condition is constant or intermittent manifest strabismus of any magnitude and type (esotropia, microtropia, exotropia, hyper/hypotropia).
Reference standards
The reference standard considered in this review was the cover uncover test, whether used alone or within a comprehensive ophthalmic examination, or in combination with other tests, by trained personnel.
We included studies that use the cover uncover test, regardless of the type of professional performing the test. Type of professional (ophthalmologist, orthoptist, optometrist, trained technician, non-expert screener) will be noted and analysed as subgroups.
We included studies in which the cover uncover or alternate cover test is used as part of a comprehensive eye examination, which often also includes visual acuity, biomicroscopy and refraction. For the latter scenario there is a risk of incorporation bias. This bias can be avoided by ensuring that the tests that are part of the reference standard 'comprehensive eye examination' do not belong to the same type of test as the index test included in that analysis. We excluded the whole study if a single test is assessed and there is incorporation bias, and we excluded part of the study data if a study comparing several index tests suffered from incorporation bias regarding a specific test.
Search methods for identification of studies Electronic searches
The Cochrane Eyes and Vision Information Specialist searched the following electronic databases. There were no language or publication year restrictions.
• • ISRCTN registry (www.isrctn.com/editAdvancedSearch: searched 5 January 2017) (Appendix 11);
• US National Institutes of Health Ongoing Trials Register ClinicalTrials.gov (www.clinicaltrials.gov: searched 5 January 2017) (Appendix 12);
• World Health Organization (WHO) International Clinical Trials Registry Platform (ICTRP) (www.who.int/ictrp: searched 5 January 2017) (Appendix 9).
Searching other resources
We used the weblink pcwww.liv.ac.uk/ rowef/index files/ Page646.htm to search the following orthoptic journals and conference proceedings which are not electronically listed: British and Irish Orthoptic Journal, American Orthoptic Journal, Australian Orthoptic Journal, European Strabismus Association, International Strabismus Association and the International Orthoptic Congress. We contacted study authors for further clarification when required.
Data collection and analysis
Selection of studies
Two review authors (SH, VT) independently assessed the titles and abstracts for eligibility. We sorted the abstracts into 'definitely exclude' and 'possibly include' categories, recognising that sometimes it is not possible to judge from the abstract whether a reference fulfils the criteria or not. We placed all abstracts selected by at least one review author in the 'possibly include' category. We resolved disagreements at each step by discussion between the two review authors and a third senior author (AD-N).
Data extraction and management
We extracted the number of:
• true positives (TP), i.e. participants categorised as strabismic by both the reference and index test;
• false negatives (FN), i.e. participants categorised as strabismic by the reference test, but as non-strabismic by the index test;
• true negatives (TN), i.e. participants categorised as nonstrabismic by both the reference and index tests;
• false positives (FP), i.e. participants categorised as nonstrabismic by the reference test, but as strabismic by the index test;
• participants with uninterpretable index test results;
• missing data, i.e. participants included in the study, but not in the analyses, by causes of exclusion.
Uninterpretable test results at individual participant level were recorded in primary publications when a child did not comply with a test, i.e. refused to give an answer during assessment of visual acuity or stereovision, or did not fixate on targets for automated devices, or in case of ocular abnormalities affecting the clarity of cornea, lens or vitreous, or a combination of the three. For each study, we recorded how such cases were treated in the analyses. Two review authors independently extracted the data to ensure consistency and entered these into Cochrane's statistical software, Review Manager 5 (RevMan 5) (Review Manager 2014). We have extracted the data shown in Table 1 , which we have displayed in the Characteristics of included studies tables.
Assessment of methodological quality
We used the Quality Assessment of Diagnostic Accuracy Studies (QUADAS)-2 tool to evaluate the risk of bias and applicability of primary studies (www.bris.ac.uk/quadas/quadas-2). QUADAS-2 consists of four key domains: patient selection, index test, reference standard, and flow and timing. The tool is completed in four phases.
1. The review question is stated. 2. Development of review-specific guidance. 3. Review of the published flow diagram for the primary study or construction of a flow diagram if none is reported.
4. Judgement of bias and applicability. Each domain is assessed in terms of the risk of bias and the first three are also assessed in terms of concerns regarding applicability. To help reach a judgement on the risk of bias, signalling questions are included. These flag aspects of study design related to the potential for bias and aim to help review authors make risk of bias judgements. Two review authors independently assessed the methodological quality of the included studies. A third senior author resolved disagreements on study quality. Table 2 shows the guidance the review authors used when judging the methodological quality of studies. We scored the risk of bias signalling questions as 'yes/no/unclear' as detailed in Table 2 . Risk of bias was judged as 'low', 'high' or 'unclear'. When we answered 'yes' for all signalling questions for a domain then we could judge the risk of bias 'low'. If we answered any question as 'no', this flagged the potential for bias. When this occurred, we followed the guidelines developed in phase 2 of the quality assessment process to judge the risk of bias. We used the 'unclear' category only when insufficient data were reported to permit a judgment. We judged applicability of primary studies to the review question in a similar manner. We also recorded study sponsorship.
Statistical analysis and data synthesis
We used two-by-two data of index and reference test results to calculate the sensitivities and specificities, with their 95% confidence intervals. We used the RevMan 5 software for descriptive analyses, and plotted individual studies in forest plots. Considering test threshold across different test types was the most important analytic issue in this review. We planned to use a continuous output measure for most tests: ocular misalignment as prism dioptres (PD) or degrees for test type 1; stereoscopic acuity as seconds of arc for test type 2; visual acuity in logMAR for test type 3 (acknowledging that comparison of values may be hampered by use of charts with different optotype size steps, and that simple mathematical conversion from Snellen to logMAR may be inaccurate); and millimetres or a ratio for test type 4. Other tests listed in Appendix 2 and used in the diagnosis of, but not in screening for, strabismus are not based on an explicit common measure.
However, in practice the heterogeneous execution and technical characteristics of the tests made it difficult to consider using an explicit threshold in statistical analyses, and implicit threshold effects are more likely.
Analyses within each test type
We intended to analyse different tests within each test type group, using the following strategy. For each study, we intended to extract data at specific thresholds if available. We attempted to extract cut-offs of 8 PD for horizontal and 1 PD for vertical deviations in test type 1; 400 arc seconds for test type 2; and visual acuity 0.2 logMAR for test type 3. UK screening recommendations specify "less than 0.2 logMAR" as referral threshold (UK National Screening Committee); guidelines from the AAPOS specify that optotype-based screening (which covers test type 3) should detect visual acuity of less than 0.176 logMAR (Snellen 20/30) at all ages. Threshold values for test type 4 have not been published; we therefore used "any asymmetry, in millimetres or as ratio" as threshold. Thresholds are summarised in Table 3 Investigations of heterogeneity
The framework for likely sources of heterogeneity was described previously and mainly includes setting and study population, particularly regarding referral method and inclusion criteria; type of professional executing the reference standard; and study quality assessment. We planned to investigate heterogeneity in the first instance through visual examination of forest plots of sensitivities and specificities and through visual examination of the receiver operating characteristic (ROC) plot of the raw data. However, we had insufficient data to investigate these secondary objectives.
Sensitivity analyses
Where appropriate (i.e. if not already explored in our analyses of heterogeneity) and if sufficient data were available, we planned to explore the sensitivity of any summary accuracy estimates to aspects of study quality such as nature of masking and type of reference standard, guided by the anchoring statements developed in our QUADAS-2 exercise.
Assessment of reporting bias
We did not assess publication bias since there is no standard method to achieve this in diagnostic test accuracy reviews (Deeks 2005). For selective outcome reporting issues, such as the use of a specific cut-off of ocular misalignment, we did not search for a protocol to assess within-study reporting bias, since protocols of diagnostic accuracy studies are not routinely reported.
R E S U L T S Results of the search
The searches yielded a total of 2327 records (Figure 1) . After deduplication we screened 1236 studies/papers which, following independent screening by two authors (SH, VT), led to the exclusion of 1129 studies not meeting the inclusion criteria (including age range, examiner type and primary use of cover test), lack of relevance or lack of results. The remaining 107 studies underwent full text review, with disagreements resolved by a third author (AD) (Figure 1 ). The authors of six posters were contacted to ascertain relevant publications and data for those posters; three replied with one publication identified that did not meet the inclusion criteria as no strabismus outcomes were reported (Shallo-Hoffman 2004) . In addition authors for three published studies were contacted where full analysis of the results required additional data (Enzenauer 2000; Robinson 1999; Tung 2006) ; two of these authors responded but further data were unavailable (summarised in the Characteristics of excluded studies table). One study met the inclusion criteria and had sufficient data for analysis (Arthur 2009). 
Methodological quality of included studies
Arthur 2009 was a prospective study performed in a community setting with all eligible children invited for screening and all screened participants offered a gold standard examination (Summary of findings 1). Eligible children for the study were all junior kindergarten students in a specific school district of Ontario, Canada; and 98% of those enrolled were 4 or 5 years of age. The screening was conducted by certified dental assistants conjointly with an existing dental screening programme. The dental assistants underwent training on the plusoptiX S04 photoscreener (Plusoptix GmbH) with defined criteria for failing the test of a corneal reflex more than 10 degrees from the centre. Bias assessment indicated an unclear risk of bias for the patient selection domain but a low risk of bias for all other QUADAS-2 domains (Figure 2; Figure 3 ). This was due to a relatively low uptake of screening at 25% with included children volunteering and not sampled randomly or consecutively. There was no available data on the prevalence of strabismus in non-responders compared to responders. There were no adverse outcomes reported. 
Findings
Three hundred and six children were screened by the photoscreener. Two hundred and seventy-one had both interpretable screening photographs and completed the gold standard examination, the others having declined (n = 14), being unable to attend within the study timeframe (n = 11), become uncontactable (n = 6), having had uninterpretable photographs (n = 3) or incomplete examination (n = 1). The photoscreener was used to ascertain refractive error, anisocoria and ocular misalignment with 14 children referred specifically for ocular misalignment. A total of 13 children were identified to have strabismus on gold standard examination of which six had been referred for ocular misalignment, two had been referred for refractive error and five had passed the screening test. The two participants referred for refractive error not ocular misalignment and found to have strabismus were considered as false negatives for calculating accuracy. The main outcomes were a sensitivity of 0.46 (95% confidence interval (CI) 0.19 to 0.75), and a specificity of 0.97 (CI 0.94 to 0.99) (Figure 4 ). The estimated prevalence of strabismus in the screened population was 4.8%. The types of strabismus identified were intermittent exotropia (n = 3 well-controlled, n = 2 poorly-controlled), esotropia (n = 4), hypertropia (n = 2) and exotropia (n = 2). 
Summary of findings
D I S C U S S I O N
Screening for strabismus in children in the community may be achieved by tests that directly ascertain misalignment of the eyes (corneal or fundus reflections) or indirectly detect associated reduced vision or stereopsis. Small deviations may not be noticed by family but may have significant impact on visual development hence the rationale for screening.
Summary of main results
There is limited available data on strabismus screening in the community as performed by lay examiners with the majority of published screening studies predominantly focusing on amblyopia screening. One study was identified that met the full inclusion criteria for this review in which all children screened with a photoscreener were offered a gold standard examination (Arthur 2009).
There was an unclear risk of bias. The results indicated high specificity but low sensitivity implying the potential for significant false negatives. Absolute numbers found to have strabismus by gold standard examination were small at 13 in total out of 271 children.
Strengths and weaknesses of the review
Only one study was analysed in this review, prohibiting any conclusion on the accuracy of screening tests. It remains unclear whether other screening modalities would have significant accuracy for screening in this context.
Applicability of findings to the review question
The findings have limited applicability to the review question in which the assessment and comparison of the accuracy of multiple tests in screening for strabismus was to be ascertained. The single study included suggests that the plusoptiX S04 photoscreener for detecting ocular misalignment could provide a specific but not sensitive test, and this single study is not sufficient for robust conclusion (95% CI about 20% to 75%). Further studies are needed. Due to the lack of relevant studies, the secondary objectives to investigate sources of heterogeneity of diagnostic accuracy could not be assessed. Through review of the literature, other studies were identified with relevant results that did not meet the inclusion criteria for this review and as such could not be included. This included the Vision in Preschoolers (VIP) study, a large multicentre trial performed in two phases to ascertain the accuracy of various screening tools for children aged 3 to 4 years old (VIP 2007) . In phase I, trained eye care professionals performed the screening assessment but in phase II, trained nurses and lay screeners performed the screening tests. The population screened were enriched from a preceding generalised screening programme, with all those who failed screening included in the VIP study as well as a proportion of those who did not. The aim was to enrich for ocular pathology within the study to better ascertain accuracy of screening methods. As such, this study could not be included in this review but still has relevant conclusions. VIP 2007 specifically assessed methods for screening for strabismus; and for the lay and nurse screeners it included four tests; Retinomax autorefraction, SureSight Vision Screener autorefractor, LEA symbols visual acuity testing and Stereo Smile Test II stereoacuity testing. Of 4040 children screened, 157 (3.9%) were found to have strabismus. For lay screeners the combination of both the Stereo Smile test and the SureSight autorefractor and the Stereo Smile test and the Retinomax autorefractor were associated with a statistically significant increase in sensitivity of strabismus detection for a 90% specificity but no such increase was observed for other test combinations or for the nurse screeners. The study concluded that the addition of tests for eye alignment to acuity or refraction tests alone would depend on a screening programme's goals and resources. It also indicates that tests of visual acuity alone would be insufficient for identifying all cases of strabismus. A large prospective, consecutively enrolled study of all 3 to 6 year olds in an eastern province of Taiwan used two different index tests for screening with all children offered a gold standard examination by a single ophthalmologist (Tung 2006) . Screening for strabismus performed in 2003 on 2868 children was conducted by trained kindergarten teachers using both a National Taiwan University (NTU) random dot stereogram to detect stereopsis less than 300 seconds of arc and Hirschberg corneal reflexes at 1 metre, with any displacement of the light reflexes considered abnormal. The number screened and then unavailable for the gold standard assessment was not disclosed. Detailed outcome numbers were not provided and as such this study could not be included in this review. However, the overall sensitivity and specificity for the NTU random dot stereogram were 38.9% and 90.4% respectively and for the Hirschberg light reflex were 75% and 98.9% respectively suggesting good efficacy for the Hirschberg light reflexes as a screening modality. In summary the applicability of available studies to primary screening programmes is limited. Future screening studies should also consider the optimum screening age, which for optotype-based tests is around 4 to 5 years (Solebo 2015). Lastly, we would recommend further research into long-term visual and psychosocial outcomes of childhood strabismus, to explore the benefits of early detection.
A U T H O R S ' C O N C L U S I O N S Implications for practice
Identifying strabismus as part of a screening programme is most important if it impacts on visual acuity (leading to amblyopia) or stereopsis. Therefore screening in the community does not need to directly test for strabismus by ocular misalignment although there is the suggestion from other studies that sensitivity is increased by doing so. There is a lack of evidence for which tests are most accurate in detecting strabismus specifically in a normal population being screened by non-expert screeners.
Implications for research
Cochrane Reviews of the accuracy of screening tests to detect anisometropia and amblyopia would complement the evidence review on screening strategies. Given the prevalence of amblyopia and amblyogenic risk factors, primary vision and strabismus screening studies would require large numbers of children to be screened. Such studies may be cost-effective if run alongside existing vision screening programmes. As visual acuity alone may not be sufficiently sensitive to detect strabismus, addition of autorefractor, stereoacuity, corneal light reflex testing or novel devices should be considered (VIP 2007) . Although sensitivity of screening tests should be around 80% specificity may not need to be, as the further assessment for amblyopia is non-invasive and does not carry a risk of harm.
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C H A R A C T E R I S T I C S O F S T U D I E S Characteristics of included studies [ordered by study ID]
Arthur 2009
Study characteristics
Patient sampling Invitation to all children in kindergarten.
Patient characteristics and setting
No prior testing.
Index tests plusoptix S04 screener, conducted by dental nurses. Consecutive sampling or random sampling of children according to inclusion criteria Non-random sampling or sampling based on volunteering or referral Unclear whether consecutive or random sampling used.
A D D I T I O N A L T A B L E S
Was a case-control design avoided?
Yes for all studies since casecontrol studies are excluded unless nested in cohort studies
Did the study avoid inappropriate exclusions?
Exclusions are detailed and felt to be appropriate (systemic disease causing strabismus) Children with known strabismus can be excluded.
Inappropriate exclusions are reported e.g. of children in whom strabismus has been suspected in primary care but not confirmed by trained professionals
Exclusions are not detailed (pending contact with study authors) Inclusion of children in community settings, such as school or screening settings, with no previous diagnosis of any eye disease Inclusion of children over the age of 6 years, referred to clinical settings, referred to eye professionals for suspect eye disease, or assessed in commercial settings on a volunteer basis; or previous diagnosis of failed screening test or strabismus Unclear inclusion criteria.
INDEX TEST Describe the index test and how it was conducted and interpreted
Were the index test results interpreted without knowledge of the results of the reference standard?
Test performed "blinded" or "independently and without knowledge of " reference standard results are sufficient and full details of the blinding procedure are not required; or clear temporal pattern to the order of testing that precludes the need for formal blinding Reference standard results available to those who conducted or interpreted the index tests
Unclear whether results are interpreted independently.
If a threshold was used, was it pre-specified?
Many included index tests are based on continuous measures (e.g. eye deviation, stereopsis, refractive error, visual acuity); the study authors declare that the selected cut-off used to dichotomise data was specified a priori, or a protocol is available with this information A study is classified at higher risk of bias if the authors define the optimal cut-off post hoc based on their own study data Reference standard performed "blinded" or "independently and without knowledge of " index test results are sufficient and full details of the blinding procedure are not required; or clear temporal pattern to the order of testing that precludes the need for formal blinding Index test results available to those who conducted the reference standard; or the index test is part of the reference standard (e.g. visual acuity within a compete ophthalmic examination used as reference standard and visual acuity is also the index test analysed this will be specific of each analysis)
Risk of bias: could the reference standard, its conduct, or its interpretation have introduced bias?
Concerns regarding applicability: are there concerns that the target condition as defined by the reference standard does not match the review question?
Cover uncover test used and testing procedure executed by personnel with sufficient training Cover uncover test used by personnel with inappropriate profile or insufficient training Unclear study personnel profile, background and training. No more than three months between index and reference test execution, and no corrective intervention between assessments More than three months between index and reference test execution Unclear whether test results are executed within three months
Did all patients receive a reference standard?
The verification rate of index test-positive children is definitely higher than that of negative children (the opposite is unlikely)
All children receiving the index test are verified with the reference standard Unclear whether all children receiving the index test are verified with the reference standard Did all patients receive the same reference standard?
All children are verified with the cover uncover test by trained professionals Some children, i.e. positive children, are verified with the cover uncover test by specialised personnel, while the others are Unclear whether all children are verified with the cover uncover test by trained professionals The number of children included in the study does not match the number in analyses or children with undefined or borderline test results are excluded. However, children in whom one or more index tests are not performed because they are poorly cooperative can be excluded
The number of children included in the study does not match the number in analyses and children with undefined or borderline test results are excluded from the analyses The number of children analysed, but not that included in the study, are reported; or unclear if there were inappropriate exclusions
Risk of bias: could the patient flow have introduced bias?
---
COMPARATIVE STUDIES (MULTIPLE INDEX TESTS)
Were all tests performed on all patients, or randomly assigned?
All children received all index tests, or tests were randomly assigned
Not all children received all index tests and the assignment criterion was opportunistic or non-random (e.g. depending on test availability or type of professional)
Not all children received all index tests and the assignment criterion was unclear
Could the order in which the index tests were used affect the target condition or the interpretation of the alternative tests?
The order of presentation of the index test was random or alternate to avoid fatigue effects; or clear that no fatigue effect can arise Several tests are delivered in a fixed order which can cause children to be less compliant with the second or later test
Unclear order of test presentation. No published threshold identified. fovea, for example after retinopathy of prematurity, the angle kappa is negative, the CR is located temporal to the centre of the cornea, and pseudo-esotropia may be present. In ocular misalignment, the CR is displaced -nasally in exotropia, temporally in esotropia (Hirschberg 1881). When the CR is located at the border of the pupil, the deviation is approximately 15 prism dioptres (PD). If it lies midway across the iris, the deviation measures around 30 PD, and when the reflection is near the limbus, around 45 PD. Hirschberg's original observations indicated a ratio of 12 to 14 PDs per millimetre displacement of the CR from the pupillary axis, the so-called Hirschberg ratio. (Hasebe 1998; Riddell 1994; Wick 1980) . Photographs acquired whilst fixating with first the preferred eye, then the deviating eye, in primary position and in slightly eccentric fixation may allow a highly accurate measurement of the ocular misalignment (Romano 2006) . Based mainly on reasons of photographic technique, some consider the limbus a more accurate landmark than the centre of the pupil (Barry 1997; Romano 2006); however displacement from the centre of the pupil remains the more commonly used value.
A P P E N D I C E S Appendix 1. Prevalence of strabismus
Use of the Hirschberg test as a screening test for ocular alignment has been recommended in young preverbal and also in pre-school children (daSilva 1991; Sansonetti 2004) . To allow standardisation, videographic techniques have been proposed (Miller 1993) . These can be applied when using video refractors or photoscreeners developed for the automated assessment of refractive errors (Griffin 1989; Hasebe 1995; Moghaddam 2012; Schaeffel 2002; Weinand 1998) . Automated assessment of CR on digital photographs and videographs is currently in development (Almeida 2012; Model 2012; Yang, 2012) .
Accuracy of the Hirschberg test may be in the range of ± 9 to 10 PD, which would make it unsuitable to detect or exclude microtropia. In orthoptic practice, Hirschberg and Krimsky tests are reserved for very young, preverbal patients or those with profound visual impairment which prevents fixation with the affected eye(s). The Hirschberg test is useful to demonstrate pseudo-strabismus in young children with a broad nasal bridge and epicanthal folds or in individuals with wide interpupillary distance.
Coaxial fundus reflex test (Brückner)
The Brückner test (Brückner 1965; Tongue 1981 ) is based on reflection of light by the fundus/retina at the back of the eye. A bright coaxial light source and observation system is used, usually a direct ophthalmoscope. Both eyes of the patient are simultaneously illuminated from a distance of around one metre. The observer notes any difference in brightness of the fundus reflex seen in the pupil through the ophthalmoscope. In the presence of strabismus the reflex is darker in the fixing eye than in the deviated eye. An additional, dynamic examination of pupil size, pupil reaction to light, and fixation movement of the eyes on alternating illumination can be useful to detect amblyopia (Tongue 1981) . Whilst the manual Brückner test appears reliable at detecting strabismus, it may give rise to false positives, and its usefulness in screening for ocular misalignment is unclear (Griffin 1986; Griffin 1989) . A recent evaluation of a modified Brückner test, performed using a streak retinoscope, indicated a sensitivity of 0.5, specificity of 0.98, negative predictive value of 0.97 and positive likelihood ratio of 20 to detect strabismus in a cohort of 343 children with a 5% prevalence of strabismus (Amitava 2012). Photographic and videographic versions of the Brückner test may also have high sensitivity and specificity to detect strabismus (Carrera 1993; Cibis 1994; Kaakinen 1979; Miller 1995; VanEenwyk 2008) . Some photorefractors use the Brückner principle, as refractive errors cause a white crescent at the pupil border (Arnold 2000; Kothari 2007; Tongue 1987; Weinand 1998) . These devices are commonly used in community screening programmes, operated by lay observers (Arnold 2000). Sensitivity and specificity appear higher on analysis of the coaxial fundus reflex on photographs than during manual performance of the test (Paysse 2001) . The size of misalignment may affect the accuracy of the Brückner test, with lower sensitivity in small-angle esotropia (Graf 2012).
Stereovision tests
Stereovision or stereopsis is the perception of depth when viewing a scene with both eyes. As the visual axis of the right and left eye are at a slight angle to each other, the image seen by the right eye slightly differs from that seen by the left eye. This binocular disparity allows the brain to 'calculate' depth in the visual scene. True stereopsis requires perfect alignment and fusion of the foveal images from both eyes, known as central fusion. When assessing stereopsis, it is important to eliminate any monocular cues and to present stimuli whose three-dimensional qualities can only be perceived when foveal information from both eyes is integrated. Tests of stereovision may indicate ocular misalignment. As other causes -such as uncorrected refractive errors and reduced visual acuity -also impair stereopsis, specificity for any particular cause may be poor. Stereopsis is most commonly tested at near. Near stereotests fall into two categories: contour (Titmus fly, Wirt ring test); and random dot tests. Contour tests achieve horizontal image disparity by vectographic techniques and require polarised glasses to view a threedimensional (3D) picture embedded in polarised filter sheets made from plastic. By stacking two of these sheets at a perpendicular angle, a separate image is shown to each eye. When viewed without the glasses, the picture can still be seen, but its 3D qualities can only be perceived through the polarising glasses. As contour tests gives some monocular cues to the position of the 3D shapes many clinicians prefer random dot tests for testing stereovision.
Random dot images do not contain any contour lines. Shapes can only be seen and depth can only be perceived when true binocular stereopsis with central (foveal) fusion is present. Random dot tests include the Frisby, Lang, TNO, Randot and Randot-E stereotests (Broadbent 1990; Lang 1983; Rosner 1984; Simons 1981b) . The Frisby test consists of three Perspex plates of different thickness. On each plate there are four square areas which contain triangular shapes apparently distributed in a random pattern. On one of the squares, some shapes arranged in a geometric pattern, such as a circle, are printed onto the back surface of the Perspex plate, whilst the remaining square is filled with triangles printed onto the front surface. The physical thickness of the Perspex plate and the distance between the shapes printed onto the front and the back of the plate induce horizontal image disparity. This test is simple to perform, does not require 3D viewers and is popular with children. Preverbal children may point onto the 3D shape or may direct their eyes towards it, similar to their response in preferential looking tests. The Lang stereotest combines two methods of three-dimensional image perception: random dots and cylindrical gratings. The cylindrical gratings use a prismatic effect to achieve the slight horizontal image displacement required for a 3D effect. The advantage of this method is that it does not require special glasses for viewing. Essentially, the separation of the two images is achieved by a system of fine parallel cylindrical shapes. Beneath each cylinder are two fine strips of picture, one seen by the right, the other seen by the left eye. In the Lang test, random dot images hide simple shapes such as a star, a cat, a car. As it does not require 3D viewers, it is easy to use with children and is commonly used in vision screening programmes. Like the Frisby test, it can be used in preverbal children by observing their behavioural response. The Randot and Random dot E stereotests require polarising glasses for viewing. Images of animals and geometric shapes are horizontally displaced using vectographic techniques. These tests allow fine grading of stereopsis, but not all children will like wearing the polarising glasses.
The TNO test creates a 3D effect by using red green anaglyphs. Red green anaglyphs are based on two images showing the same scene from a slightly different angle. One image is processed through a red, and the other image through a green or blue or mixed (cyan) filter. The resulting images are superimposed, but slightly offset. 
Visual acuity tests
Visual acuity (VA) is a measure of the spatial resolution of the visual system. Manifest strabismus causes a loss of VA in one eye by central suppression of the information from the deviating eye. Uncorrected refractive errors and ocular anomalies also cause a reduction in VA.
In older children and adults, VA is assessed by reading a chart of characters, or optotypes, at a defined distance. In very young children, assessment of visual acuity relies on observation of behavioural responses to visual targets. Preferential looking cards showing patterns of high-contrast black and white stripes are used in children under the age of 2 years to determine "grating acuity" (Dobson 1978) . In strabismic amblyopia, grating acuity is reduced to a lesser degree than linear letter acuity and results may overestimate the level of vision. From the age of 2 years, single symbols such as Kay pictures can be used (Kay 1983) . From the age of 3 years, crowded linear optotypes such as HOTV, or crowded Kay or Lea pictures can be used. These tests are often used in childhood vision screening programmes (Schmidt 2004; Hered 1997; Anonymous 2004) . Crowded optotypes (several characters next to each other) viewed one eye at a time (monocularly), such as on HOTV or logMAR charts, are considered the 'gold standard' for visual acuity testing (Schmidt 2004) . The use of crowded optotypes instead of single optotypes is particularly important in amblyopia screening, as single optotype testing can overestimate visual acuity. All visual acuity tests can be performed either by the child calling out the name of the picture or letter, or by the child matching the target optotype with a chart held by a parent/guardian. More detailed letter optotype tests include the Keeler logMar and the Sonksen Silver logMar tests. In order to both increase portability of charts and reduce variation of illumination levels, computer-based testing applications are available and used in some screening settings (Thomson 1999).
Visual acuity tests can be administered by any suitably trained person. In the UK, screening programmes are delivered by qualified orthoptists, health care technicians or school nurses trained by orthoptists (Hall 2003; UK National Screening Committee) In the USA, paediatric vision screening is usually performed by suitably trained nurses or lay screeners.
Autorefractors/Photorefractors
Autorefractors are instruments that measure the refractive state of the eye. Objective devices contain an optical system which determines the vergence of light reflected from the patient's retina. To avoid inducing accommodation, modern autorefractors use infrared rather than visible light. Photorefraction analyses the reflection of light emitted from a small flashlight placed close to the camera lens. Three types of photorefraction have been developed: orthogonal, isotropic and eccentric (also called photoretinoscopy). Refractive errors result in certain patterns of photographic appearances, which vary with the degree to which the eye is defocused with respect to the plane of the camera (Howland 1974; Howland 2009 
